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る四 ウンカは約 lmisの辿！主で7雨期するが f・:ISi' 
長fi!l}/Jm移動が起こる時の東シナ海t宅のv1p目的な風






Table 1-1. Planthopper catches by the net traps at Chikugo (33.2N宅 130.5E)in Japan by Kisimoto (1971) 
UTC Temp. Wind Wind Sogatella furcifera Nilaparvatαlugens Total 
（℃） D廿ec Speed Net 1 Net 2 Net 1 Net 2 
-t10n (mis) ♀ ♂ 早 ♂ ♀ ♂ ♀ ♂ 
1969/06/24 07 。。。。。。。。。
1969/06/25 07 23.6 SW 6.8 10 12 20 22 8 5 12 1 100 
09 23.5 SW 6.3 20 38 25 44 9 9 13 10 168 
10 23. l SW 7.2 33 53 39 54 13 l 7 11 221 
11 22.4 SW 9.0 25 19 26 39 12 4 12 7 144 
12 22.0 SW 8.8 。 。。。。。 2 
16 21.2 SW 4.3 6 9 6 8 2 3 36 
21 19.7 SW 2.0 2 2 4 3 。2 。。13 
23 21.9 SW 1.2 2 。。。。。 。 3 
Catches coniprise the total cat.cl世sfrom the p1 eceding observot1on time. A '-・ mork denotes no doto. A mass migrnlr。nW!l$「irstrecog-
nized at Oi UTC 25 June. The insc回 werealive when caught and it was suposed that the catching had started nol so long before then 
(Kisimot.o. 1971) . 
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3 次 Jt大以上~） をシミュレーションするためにThe
Pennsylvania State University /National Center for 




























Table 1-2. Selection of MM5・sschemes and parameters 
Scherne/Param直ter
Curnul凶 P釘加 崎terization
Planet町 BoundaryLayer (PBL) Scheme 






Dimension of the Finest Domain 
Resolution o「theFinest Domain 
Number ofLayers 
Map P吋ection
















OOUTC 23 June, 1969 
Refer凶 themodel’s manual for the <let.nil of each poromctcr (NCAR. 2003). 


















y (t－・z)=y (t)-Vdt 
）???， ，?? 、
z(t-1) =z(t)-Wdt 
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10ζ 
Fig. 1-1. Simulation domains of MM5. Hofizontal t・esolulions or DOl and 
D02 are 99 and 33 km, respectively. Outputs of the 2nd domain is used 
by the migration model. Kyushu is a southwesten island of Japan, 
Where Chikugo is located. 




















fl 24 Fl 21:00UTCに九州を穏い始めた.6月25LI 
10 :00UTCには，これは11色米のピークが起こった11~1l
川であるが， l判1JG風はjし州の北音ISを倒った（Fig.1-




筑後上空で、約17m/sで、あった（Fig.l・3c). 6 Jl25 LI 
























のヲ11は在から， Ill:坑！ .r,~｛ i柱時．筑後におけるネ ッ トト
ラップの全捕獲数， 1号制時間 F そして軌道の到着両
度である．全部で360の軌道が古｜・算され．その11Utl
H制問は2311，＼~問から 4011#11\lの範｜立｜にあった． それそtti










800m以卜．の去lj.；~：，..－：iJt'の軌道が 1 j 1 同から出発したこ
とを示している．点では．後ほどのi議論のために，
1000m以 Fの,iu党I山＇iJtを；JI、1・きの数’Fとした．
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Fig. l-2a. Simulated sea surface pressure at 
three different tiln侃（a)21 UTC 23 June 
1969 (b) 21 UTC 24 June 1969 (c) lOUTC 25 




Fig. l-3a. Simulated horizontal wind speed at 900 
hPa (about 1000m) at七h.reedifferent泊mes.
(a) 21 UTC 24 June 1969 (c) lOUTC 25 
June 1969. The con加Ul＇・intervalis 2 m/s. 














Fig. l-4a. Examples of backward trajectories started over Chikugo at 4 dif，巴1官 1七initialtimes. (a) 06 UTC (b) 
10 UTC (c) 11 UTC (d) 12 UTC on 25 June. Final heights紅 e2000・1500m (a) , 2000-1000 m (b) or 
2000-1200 m (c,d). All the trajectories end at 21 UTC 23 June. For horizontal information, each trajectory 
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Table 1-3. Result of backward trajectory analysis 
Fi帥 1ll•ight (100四）
1 12 13 14 10 
凶 作ID












18 15 17 19 20 
1969/06125 00 
1641 1764 1790 1800 1832 1819 1746 1737 
1297 - 1145 1273 1465 1627 1746 1830 1821 1716 1690 1473 1406 
? ?
























































































































UTC‘NeL nnd MO denote the universal lime coordinole, the total number of cot.shes by the neL traps at chi.kugo and migration duration in 
hour. Night times in China in UTC column ore Shnded. The "Final Height' columns indccatc initeru heights 。fbnckword lrafcc白 iesover 
Chikugo. A '-' mark indiculcs that U,e lrnjectory did not originate from China. Numbers in the 'finl Height' cels indicate the originating 






















は可能である.Table 1-3で 1000m以 Fのi'＇，発高度



















とつとして気泌があるだろう ． 筑後、でJI~ ＞！ミ ピークが
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Fig. 1・5b
Fig. 1-5. Locations of originating points of the trajectories in Table 3. (a) Vertical bar graph shows the originaじ
ing height in meter. (b) Horizontal locations of the points. Shaded bars and circles indicate their heights 
a.re less than 1000 m. 
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；目院にE医科するであろう 2番めの要素は， F＇刊fl境料


























































する 側. JI寺間間隔のおll~fデータは， 2003年の飛来
シーズンに西｜｜本で調査を行い，新たに取得した．
この草は，新しい飛来源推定手法のt1案と，長距離











(33.19° N,130.32° E) と鹿児島 (31.51° N, 130.52 





















Fig. 2・L Map of the study area. The rectangle shows the analytical ar巴a.The solid circles indicate lhe observa-
lion sit民 Thesolid triangles and stars indicate the center locations of the first and second deperssions, 
respectively dw・ing the hourly observation period. 














































と水Il分布 1,;1•地JfJI叫に法づき. Fig. 2・2の以色の
知！｜予のように設定した.1是び立ちJj!_xのサイズは2陀
あり 1 メルカ トル投影図上でl度と0.5度の9;Jd形で
Fig. 2-3は計算手法の1概念図を示した．それぞれ
の飛び立ち域から同じ数のウンカが飛び立つと仮定

















Number of Domains 
Dimension of the Finest Domain 
Resolution of the Finest Domain 






Sea Surface’Temperature Data 
(GEARN) 
Dimension of the Domain 
Resolution of the Domain 
































The dclliled descriptions。rthe schemes nrc found in the mnnunl " . ~11115 wns run wil、lheonoly・ 
剖snudging option. It ,a aγecognizcd four-dimensionnl data assimilation method'' th1t colculatcs 
meteorological values such田 windand tcmpc1ntu1・e similar to ,u10.lyticul data 'l'hc initial field w附
PIO《lucedfrom 12 hourly global analysis dow. CANAL l’und globol sen surface len,pc11lurc dnll. 
R’l‘G SST, by NOAA机 Ahorizontal resolution。f33 km wns selected becousc Lhe average dis-
ta nee between opcrationu.l traps in Japan is or this 01 de, The 1b1 cviat,on UTC stands for 
Coot dinated Univc, salTime. An unalyt,cul Ur四 isculed o domain os川 mctcotology. 
























x;+i = x, + u{),.t 
Y,+1 二 Y, ートVl:lf
aK c-:τ工－-i+I ＝ご，＋wM＋一一手M+ ..,/24K=!1t R 。二 V C 
ここで
（エぷz•) ・ウンカの位置 (m) . 
(2) 
地形市拠 z・座標系 z•= (z-zg) I九 h=(z1-zg) lz, 
ここで Z,Zg, Z1 はカーテシアン時限系の鉛u'CI企t¥'{
t~＼~高明計算領域の最高1＼可度
(u,v,w•) : Jil述度 (mis) 
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10s・ 110 11 s・ 120 125 
Fig. 2-2. Takeoff areas of 0.5-or I-degree square for the migration simulation. The solid circles show Chinese 
light trap locations (Wang, 2001）.剖Ithe areas are located near the t.i:aps and on lowlands in a topographi-
cal map 


























Precision ( % ) ＝解析による飛米と観測された飛
来との重なり I寺問（h)／解析
された飛来・の全｜｜キrlJ(h）×100 










I (c)Over Japan I 
Sim.du『ation48 h 
1852 planthoppers 
per a takeoff area 
randomly 
generated 
At 10 & 21 UTC 
合 0.2m/s ・for1 h ・ι．－ ・-・ ．－ 




“ ．  ．・
East China Sea 
－ー・トー・ー・ー－． ・..
－． Relative density 
伊・・．
Japan 
Fig. 2・3. Schematic diagram of the simulation method. (a) A total of 1,852 planthoppers (black circles) in the 
takeoff area started Lo take off at 10 or 21 UTC. The planihoppers rose at a speed of 0.2 m/s until 11 or 22 
UTC. (b) The planthoppers moved ai ihe same speed as the wind, with vertical diffusion taken into consider-
ation. A planthopper that went beyond a temperature level of 16.5 'C was placed ai that level. (c) Relative 
density was calculated hourly based on the number of planthoppers in each simulation grid in the lowest 
level. 
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OOUTC 
Oh 24h 48h 72h 






Fig. 24. Schematic diagram of analysis procedure. 
An atmospheric simulation of 72 b started at 
OOUTC and migration simulalions of 48 h started 
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Catches 
P=100 P=O P=SO P=100 P=SO 
C=100 C=O C=SO C=50 C=100 
Time 
Fig. 2・5. Conceplual diagram of Precision and 

















#14，砕15,/1 l 7,1118）から出数の飛び立ち 11~＇！＇京｜｜のJI巴%·
によって説明nJ能である．したがって惚数の似fl）と























c:コNu凧 Sfu,cifefl i= 
-0-W".,,ddir・euon(desJ
・司令－W"&nd叩・dCm/o) 
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c::コNum.S. fu同 .. 同
ローー町nddirection (dog.) 
＋ーー 刊ndspeed (m/s) 
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Fig. 2-6b. Catch of S. furcifera by the net trap at 
aga from OlUTC 27 June to 03UTC 29 June 
2003. The wind data were observed at a 
meteor叫ogicalstation 7km northwest. from 
Saga site 
Fig. 2-6a. Catch of S. fwαfera by the net trap at 
Saga from 01 UTC 23 June to OOUTC 25 
June 2003. The wind data w巴reobserved at 
a meteorological sta七ion7km northwest 



































































Fig. 2-6d. Catch of S. fu.rciferαby the suction trap 
at Kagoshima from 01 UTC 27 June to 03 
UTC 29 June 2003. The wind data were 
obseTved at a meteorological station 7km 
northeast from Kagoshima site. 
制
。
里号 塁塁宮 ~ 宮自望号言 2号 ~ 喜宮
~ 戸ーー－ N i ----N 
孟 孟
Fig. 2-6c. Catch of S. furciferαby the suet.ion 
trap at Kagoshima from OlUTC 23 June to 
OOUTC 25June 2003. The wind data were 
odserved at a meteorological station 7km 









































Res叫tsof the hourly analyses at Saga site 
from OlUTC 23 June to OOUTC 25 June 2003 
The Sngn column, Event ond Arcn I show lhe hourly ncl Lrnp cnlch of S. 
fur:1/era. nnme of mi伊ationevent (Figs. 2・6u・ d）刷、danalyzed migrations 
for each wkcoff arcn (Fig. 2-2). M"-rks sold squnre,verticul bur. square. 
cross denote tnkeoff lime of 101.JTC 21 June, 21UTC 21 ,June, LOUTC 22 
June and 211.JTC 22 June, respectively. Takeoff areas whose clouds did not 
cover lhc site oie nol sh。山明。
し
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¥. ・＇－110 120 130 
Fig. 2・7.Relativ日 aerialdensity of planthoppers in 
the lowest layer (under 100m above the gi・ound)of 
GEARN started from 1tl3 at lOUTC 22 June 2003. 
The density ・cloud'is shown at intervals of 12h 











110 120 130 
Fig. 2-8. Relative aerial density of planthoppers in 
the lowest layer less than 100m above t,he ground 
of GEARN started from 1117 at lOUTC 22 June 
2003. The density ’cloud’is shown at intervals of 
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Table 2-3. Precision and Coverage for each migration event obtained by the analysis 
Precision/Coverage (%) 
Event Area 
1 2 3 4 5 6 7 8 9 10 11 
33 
100 
12 13 14 15 16 17 18 
77合
77合
77* 75 80 100 
77* 100 66 83 
37 80 100 66 
75 100 100 50 
50 
100 
50 50 100 33 42 
66 100 66 100 100 
75 
100 
50 62 75 33 75 
60 100 60 60 60 






























Only those migmLions huving (I Precision larger than 30 and a Covcrng官 l山・gerlhan 50 urn lisled. Vulucs with・or•• indicnle two suces・ 
sive events. i¥ and B, and 1: nnd I wcrn each treated as u single cvcn!.,j because u single migrnlio11 co叫dexplain lhe Lwo even回．
には．水川が辿杭して分布している 16.Table 2-3に
ぶしたよ うに.;l官び立ち）｝！_xltl-1からnl3にかけてPと
























あった （~，） . この飛び立ちH寺の航る抑いが？事象の
時!'Pi]I届が責任いひとつのI1U1jJであろう．
i：要なJi店；￥・が起こる抑雨時期では，飛び立ちが起












持j述｝立は約 1m/sf'i/liで、あり司 J!fil速度 (lOm!s程度）
より遅く，また飛1羽｜時間lは24時m1から36時間であっ
22 巾央I品業総合(iJf究センター研究者i告 第8号（2006.7) 
Table 24. Event dw-ation and flight duration of ana-
lyzed migrations from #13, #14, #17 and #l 
Event Flight Duration (h) 
Event Duration Be inin /End Area 
(h) g g 13 14 17 18 
A 3 Beginning 40 
End 
B 6 Beginning 33 44 
End 48 38 48 
C 4 Beginning 35 
34 47 
End 37 37 48 。 3 Beginning 37 
End 39 
E 3 Beginning 
24 23 36 36 
End 25 25 38 38 
F 3 Beginning 24 
End 26 
G 5 Beginning 36 
34 36 36 
End 38 38 38 38 
H 4 Beginning 35 35 35 
End 39 
7 Beginning 
End 47 46 
J 3 Beginning 35 
End 37 
The flight durution i1'creascs from the begining to end of U1e evenl. 
'l¥vo pni問。fsucesive events A and B, nnd H and I were treat疋das 
single events. 
た（Table 2-4) . したがって， Jl~f';j:］中のウンカがそ
れそ－＇t1.~··tなった｜白lきにlf•Jいているとする 仰 ならば，
JI足矧時間の1 1~，1に起こる分散は胤述度｝JI旬に， 172 .8km
から259.2km(2×1 m/s×24-36 h×3600 s）と』1I・

















































































Fig. 2-9. Backward trajectories of two-dimensional (2D) analysis by Rosenberg and 
Magor (1983) and terminal points of three-dimensional (3D) analysis by Otuka et 
al. (2005a). The 2D l,ajec加riestraveled at pressure level of 850 and 1000 hPa. 
The 3D traj巴ctoriesstarted at points of 100 to 1500 m high over the Saga site. The 
starting time ranged from 20 to 23UTC 23 June 2003, and the terminal time was set 
at lOUTC 22 June. The same initial atmospheric data were used for both阻 alyses.
:j次元解析に対しては 東経117.5）支より西f!IJに
































率をもつてJI店米を hW！で、きた 1:1’ U、，~.カ、ら木frJf究
の長W~i自IU多illJJ シミユレ一シヨンモデルは’少なくと
も航行の2次元Wfa析手法よりも．信脳性が1古川、と言








ウス関数 g(t）で表され．また 2 つの強度の同じ •Ji
象が杭けて起こるとする．事裂の平均Iキ問｜隔が4.1






























-10 。 10 15 ?? 5 
Fig. 2・10. RelaLionsbip between the sampling interval 
and the sum of two time-dependent Gaussian 
funct,ions, g (t) and g （凶） • The hor匂ontalaxis t 
indicates time in h. The function g (t) has a 
width of 4 h. The sum is sampled by 4 different 
time inLervals企・om1 to 4 h. The time int巴rvals
of 1 and 2 h allow for resolution of the peaks. If 
the separation becomes smaller than 5 h, the 
sum forms only one peak even if the sum is 
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N 東南アジア個体群の東アジ、ア個体群への侵入





































次の 3 慨i!lllJ山点のflfi~控データを利用した（Fig. 3-





の~－，n独数は，岸本ら 11:,1 と Luiw がi的主lmのネッ
































まず， 4「lから 6n1= ..旬までの12時間間隔の海而
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1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 
一←N.lugens al Shao-Ma仰 g1978) C 
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Fig. 3-l. Catch of rice planthoppers. The catches of 
N. lugens or S. fu.rciferαat山reesites: Kin and 
Naha in southern Japan, and Shao-Ma in eastern 
Taiwan. Planthoppers at Kin were captured by an 
operational light trap, and those at Naha and 
hao-Ma by net traps. Data sources: Japan Plant 
Protection Network (JPPNet) for Ki町 Liu
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Fig. 3-2. Area of interest. Gray rectangles indicate planthopper takeoff areas mod-
eled in the migrations simulation. These areas are located in the lowlands of the 
Philippines. For southern China, province names are indicated. 
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Fig. 3-3. Example of backward trajectories that started over Kin at 08 and 09 UTC on 17 June 2000. The verti-
cal回 isindicates height in m. Final heights are 500-1000 m. All the trajectories end at 10 UTC 15 June. For 
horizontal information, each trajectory is projec七日don七othe Earth's smface. These trajectories correspond tο
the catch peak in日g.3-la. Note that the vertical displacement was exaggerated, and that trajectories whose 
terminal point was not over the Philippines or beyond 2000 m were not shown. 















Fig. 34. Tenn出alpoints of backward trajectories for the catch peaks in Fig. 3-1. Symbol ・indicatesterminal 
point of the trajectories that started over Kin from 01 to 18 UTC on 17 June 2000, and terminated at 10 
UTC 15 June. Symbol女 indicatesterminal poinL of the trajecぬriesU1at started over Kin from 02 UTC on 
19 June to 00 UTC on 20 June 1999, and terminated at 10 UTC on 17 June. Symbol企 indicatesterminal 
point of the trajectories that started over Shao-Ma from 05 to 14 UTC on 26 August 1978, and terminated at 
10 UTC on 25 August. Symbol "Y indicates terminal point of the trajectori巴sthat started over Naha from 09 




















































Fig. 3-5. Example of simulated relative density 
of planthoppers at出1ee different times. The 
rnigra“on started 叫 10UTC on 5 June from 
takeoff area世3.The o,jgratiou cloud took a 
left-curved course around Taiwan and reached 
Fujian province at 12 UTC on 6 J凶日.Darker 
shade indicates higher relative density . 
., .
イJび621 
Table 3-1. Result of 10-year analysis 
Date T必ceofftime (UTC) Takeoff area Destination Flight duration (h) 
27 Apr 2002 21 #1,2,3,4 Guangdong, Hainan 42『54
27 May 2002 10 #I Fujian 48 
12 May 2000 21 #1,2 Guangdong 54 
30 Apr 1999 10 #3,4 Hainan 48 
30 Apr 1999 21 #1,2,3,4 Guangdong 27-30 
05 Jun 1999 10 が2,3,4 Fujian 26 
05 Jun 1999 21 存1,2,3,4 F吋i加 24 
06 Jun 1999 10 #1,2,3,4 Fujian, Zh吋iang 20圃35
06 Jun 1999 21 #3,4 Fujian 27 
03 Apr 1998 10 岸1,2,3,4 Hain加 44 
17 Apr 1998 10 #1,2 Guangdong 48 
17 Apr 1998 21 #1,2,3,4 Guangdong 39・45
18 Apr 1998 10 #1,2,3 Guangdong 36田38
18 Apr 1998 21 #1,2,3 Guangdong 39-42 
19 Apr 1998 10 #1 Gu叩 gdong 43 
01 Apr 1997 10 #1 Guangdong 43 
04 May 1997 10 #1,2,3,4 Fujian, Guangdong 38-48 
04 May 1997 21 #1,2,3,4 F吋ian,Guangdong 36 
05 May 1997 10 #1,2,3,4 F吋ian,Guangdon 32-38 
05 May 1997 21 #l,3,4 Fujian,Guangdong 23・45
19 May 1996 21 #1,2,3,4 Guangdong 27-32 
The table shows simulated mib'Tat旧nsfrom the Philippines to southern Chinn.明、e”＇Date" column indicates dale of taking of, and the ”Deslinntion”column 
indicates Chinese province where migration clouds reached. The "Flight du, otion・ sho、.vslime token lo !"ench the destination. The migration in Fig. 3-5 corrc-
sponds to the 6th case in this table. 
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Fig. 3-6. Migration paths on the border of the East Asian and the Southeast Asian 
populations. Arrows indicate conceptual paths; bold and do此edarrows indicate 




6 J-J 5 LIlOUTC／二時からJI旨び立ったウンカが.261キ
mi後の6日12UTCに補佐内の沿岸部に到達したこと














































































































方.4 , 5円と 7J1については，向洋折則間を 5年と
短くした 解析陣j聞が短い場合は．最近の傾向を調
べるために1997年以降を選んだ．












その 2LI LI 以降の十，1挫七｜は対象から｜徐いた．
6川の/!JI｛，析では.f変iι’｜リtl芭のf巳，I
飛来が多いjし』Hの3J山，•tJ : I主r'l(33.17。N,130.33° 
E），純平 ． 脱児島とし f 病~虫発生予~~・JT.tの「｜
別M礎データから，セジロウンカが印刷以ヒのM蝕
された「lを選び．後退軌道解析を行った.{(f（：析Wl川










































2) 3次元後退軌道解析 デルを日lいたが 850hPaレベルの風速データのみ
解析は第nJ~tに準じて下記の子JI聞で行った ． 気象 を使用するように制限しマ鉛IJl/J向の移動は計算し
シミュレーションにおける3十ti：領域は北緯12度から なかった．
421支，東経102度から140肢の範囲で，水平分解能は
33 km ，鉛1！［方向に23のレベルがあり．計算された 3. 結果
大気場の.~＋＇，）J川隔はいl手間とした． 1 ）後退軌道の例
後退軌道解析の起点は，それぞれの捕鎚地点上空 ｝ミ史なJIUtが観測された6月のうち， -t1li鎚数の多
の100から1,500m( lOOmおき）である．この起点高 かったFlの』Ip目的な後退軌道を 2f§1J7示した（Fig.4-
度で、終点が｜崎地に到達しなかった場合には， 1,600 1）.鹿児島において捕獲数が2,942頭と対象！明間で


















Fig. 4-la. Examples of backward trajedories that started over Kagoshima 
at 10 UTC〔CoordinatedUniversal Time) 01 14 June 1990. Starting 
heights are 1300-2000 m. All the trajectories e11d at 21 UTC 12 June. 
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Fig. 4-lb. Examples of backward trajectories that started over Isabaya at 12 
UTC on 30 June 1991. Starting heights are 100-1500 m. A且thetrajecto-
ries end at 21 UTC 28 June. 
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l 8-May-l 999 
31-May-2000 
Place 
Sadohara(32.02N, J 31.4 7E) 



















Catch: white-backed planthopper. Trap type: light trap. Data source: the Japan 
Plant Protection Network System 〔JPPNet)(Watanabe, 1997). Catches are lru・g-














































110・ 115' 120・ 125' 130' 
Fig. 4-2a. Frequency distribution of terminated points 
of backward trajectories, which started over the 
sites in Table 4-1 in April or May from 1997 to 
2000. 
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Table 4-2. Date with big catch larger than 50 per day in June 
Date Place Catch Date Place Catch Dare Place Catch 
1988/6.’II Kag。shima 71 1995/6125 Kagoshima 337 1988/6/23 Isahaya 702 
198816/12 Kagoshima 70 1995/6/26 Kagoshima 421 198816/25 lsahaya 18 
1989/6'16 Kagoshima 207 J 995/6l30 Kagoshima 318 1988/6/29 lsahaya 192 
1989/6/29 Kagoshlma 389 1996/6/20 Kagoshima 127 1989/6/15 lsahaya 55 
1989/6130 Kagoshima 505 !996/6121 Kagosluma 130 199016/ I 4 Sagn(33. I升~.130.33E)ll日haya 215/233 
1990/6/14 Kagoshima 2,942 1996/6/26 Kagoshima 15 1990/6/15 Saga/Jsahaya 417/108 
1990/6/15 Kagoshiロu 374 1996/6;30 Kagosh町市 415 1990/6/26 lsahaya 68 
1991/6/14 Kagoshima 1,336 1997/6/8 Kag，。shima 55 1991/6/15 Saga/lsahaya 55160 
1991/6115 Ka~。shima 106 1998/6/13 Kagoshima 110 1991/6/30 Sag:i/Isahaya 2131522 
1991/6/16 Kagoshima 493 1998/6/18 Kagoshima 280 199216/7 lsahaya 91 
1991/6/17 Kagoshima 69 1998/6119 Kagoshima 119 1993/6/17 lsahaya 53 
1992/6/7 Kagoshima 157 I 998/6/20 Kagoswma 228 199316/22 ！日haya 173 
1992/6/10 Kagoshima 53 1998/6121 Kagoshima 1.140 1993/6/23 lsahaya 356 
1992/6/14 K3goshima 127 1998/6122 Kagoshima 103 1995/6/19 Saga 58 
1992/6/15 Kai[oshima 102 199816/23 Kagoshima 72 1998/6113 Saga 302 
1992/6/16 Kagoshima 64 1999/6/17 Kagosbinin 83 199816/18 Saga 234 
1992/6/22 Kagoshima 125 1999!6/l 8 Kagoshin、a 65 1998/6119 Saga 105 
1992/6/23 Kagoshima 83 1999/6/27 Kagoshima 263 199816/21 Saga 128 
199316/15 Kago.ぬ1na 94 1999/6/28 Kagoshima 360 1999/6/16 Saga 91 
1993/6/17 Kおgoshlma 84 200016/2 Kagoshima 52 1999i6/l7 Saga/Isa ha ya 99/148 
1993/6/19 Kagoshima 77 2000/6/3 Kagoshima 535 2000/6/23 Suga 51 
1993/6/22 Kagoshima 82 200016/8 Kago気hm、a 1,319 20倒）／6126 Saga IOI 
199316/24 Kagoshima 60 2000/6/9 Kagoshima 198 20飢J/6/27 Saga 51 
1993/6/25 Ka息。shima 67 2000/6/ IO Kagoshima 580 2000/6/29 Saga 78 
1993/6/26 Kagoshima 195 2000/6/24 Kagoshima 146 2000/6/30 Saga 76 
1993/6/30 Kagoshima 50 2000/6/25 Kagoshima 165 2001/6/13 i悶hayn 50 
199416/11 Ka甚osbima 51 '2000/6/26 Kagoshima I 12 
1994/6/12 Kagoshima 190 2000/6/27 Kagoshima 50 
1994/6/13 Kagoshima 123 2000/6/28 Kagoshima 194 
1994/6/24 K3goshima 351 2000/6/29 Kagoshima 146 
199516/17 Kagoshima 254 2000/6/30 Kagoshima 53 
1995/6/18 Kagoshima 190 2001/6/5 Kagoshimu 133 
1995/6/21 Kagoshima 83 2001/6/6 Kagoshima 92 
1995/6/22 Kagoshima 87 2日01/6.IJ K日goshima 232 
1995/6/24 Ka cos hi.ma 191 2001/6/21 Kacoshima 53 
Catch: whit丑・backedplanthopper. Trap type: Johnson Tayler切pesuction trap at Kagoshima, 
and net Lrap at Saga and Isabaya. Data source: the Japan Plant Protection Network System. 
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Fig. 4-2b. Frequency distribution of terminated points Fig. 4-2c. Frequency distribution of terminated points of 
of backward trajectories, which started over backward trajectories, which started over Isahaya or 
Kagoshima in June from 1988 to 2001. Saga in June fr官 n1988 to 2001. 
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Tabl巴4-3.Date with big catch larger than 20 per day 
in July 
Date Place Catch 
7-Jul-1997 lsahaya 21 
8・Jul-1997 lsahaya 20 
30・Jul-1997 註型 39 
3/-.Jul-1997 ＆翠皐 51 
1-Jul-1998 Saga 22 
2-Jul-1998 Saga 32 
1-Jul-2000 Saga 81 
2・Jul-2000 Saga 21 
19-Jul・2000 Saga 21 
22-Jul-2000 註旦 46 
23-Jul-2000 畠担 110 
24-Jril-2000 註盟 22 
2 5 Ju/-2000 包旦 27 
26・Jul-2000 血盟 84 
Calch: white・bockcl plnU10per. Trap type: Net u・np. Doto source: the 
Japan Planl ProlecUon Network System. Cat.ches in Italic indi印凶lo四 I,not 
migrnlory, plnnthoppc悶ー
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Fig. 4-2d. Frequency distribution of Lerminated points 
of backward traj巴ctories,which started over 











は，約1日半から 2日の場合と，約 2Flから 2Fl半
の場合があった．
4 ）佐賀 ・諒早における 6月の飛来
セジロウンカの捕獲数がl円当たり50頭以上であっ










った LIは. 7 nの位f'L・諌早では14例であ った










































Fig. 4-3a. Frequency distribution of terminated points 
of shortened traj巴ctoriesthat started over 
Kagoshima in June from 1988 to 2001, and 
;topped about 12 h before terminated Limes in 
Fig. 4-2b 
10・ 115' 130' 120・ 125' 
25' 
Fig. 4-3b. Frequency distribution of termina七edpoints 
of extended trajectories that started over 
Kagoshima in June from 1988 to 2001, and 



























1 o・ 125' 130' 120・ 
Fig. 4-3c. Fr巴quencydistribution of terminated points 
of 2・dimensionaltrajec七oriesthat started over 
Kagoshima in June from 1988 to 2001. Two-
dimensional trajector匂swere calculated for al 
the listed dates for Kagoshima in June in Table 4-
2. 































































来~／！）（推定の粕肢が向 t した立義は大きい． また．将
来的にJI~~：＂：￥，原の地域と liJf究協 ）JI長l係が構築できれ
ば， JU11J で、 ［，／ii~f1; .fJl子訟を開発するなど同｜諜f内な古
!li1＇＼＇且！の可能性が広がると考えられる ．
tn 2 !'.~ LIはフィリピンからのJIりとに関係する．第
山市では3次元の長距離移動シミ ュレーションモデ
















































































Fig. 5-1. Schematic diagram of system structure 





















Fig. 5-2. Prediction domain. The geographical area that is shown in this figw e is
the prediction domain. Solid squares and solid triangles indicate takeoff areas 
and light traps (Wang, 2001), respectively. The size of a takeoff area was l× 
1 OJ・0.5×0.5degrees depending on出esize of the surrounding paddy area. 
The size of the takeoff area does noもafect.the total number of plant.hoppers 
released in each takeoff area. The three trap sites, Saga, Kumamoto and 
































Fig. 5-3. An example of combined relative aerial den-
siL)' (migration cloud) of planthoppers from al 
the takeoff areas. The density indicates the value 
at the lowest level of less than 100 m above 
ground level. The part shaded in deep gray is ten 
















Fig. 5-4. An example of relative aerial density (migra-
tion cloud) from the takeoff area出 Fujianshown 
in Fig. 5-2. A migration cloud map was made for 





























がら ‘設定された.1 l iJ也地併には飛び立ちJ或は設定
されなかった．布ljQ」として，全ての飛び立ちJ或はほ
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Table 5-1. Daily prediction results of the 2003 season 
Date Saga Kumamoto Kagoshima Date Saga Kumamoto Kagoshima 
p Net p N巴t p Suction p Net p Net P Suction 
06/01 N 。N 。N 06/24 y 28 y 69 y 246 
06/02 N 。N 。N 。06/25 y 15 y 16 y 36 
06/03 N 。N 。N 。06/26 y 10 y 4 y 9 
06/04 N 。N 。N 。06/27 y 57 y 18 y 6 
06105 N 。N 。N 。06/28 y 5 y y 36 
06/06 N 。N 。N 。06/29 y 。y y 60 
06/07 N 。N 。N 。06/30 y 39 y 91 y 24 
06/08 N 。N 。N 。07/01 y 7 y 32 y 55 
06/09 N 。N 。N 。07/02 N 239 y 17 y 145 
06/10 N 。N 。N 。07/03 y 159 y 457 y 40 
06/11 N 。N 。N 。07/04 y 73 y 631 y 31 
06/12 y 21 y 。y 24 07/05 y 12 y y 3 
06/13 N 5 y 3 y 11 07/06 y 95 y y 。
06/14 N 6 y y 38 07/07 y 12 y 25 N 
06/15 N 2 N N 9 07/08 y 16 N N 。
06/16 N 。N 。N 22 07/09 N 2 N 3 N 。
06/17 N 。N N 13 07/10 X X X 。
06/18 N 。N 0 N 6 07/11 N 。N 139 N 
06/[9 N 。y y 8 07/12 y 5 N N 3 
06/20 y 2 y 。N 8 07/13 y y y ]46 
06/21 N 。N 。N 7 07/14 X 。X 20 X 19 
06/22 y N 。y 26 07/15 N N 5 N 32 
06/23 y 123 y 65 y 91 07/16 N N 。N 13 
The evaluation was conducted at Saga, Kumamoto and Kagoshima site. The le此.erY or 
N in P column indicates that some or no migration was predicted, respectively. The 
catch in Net or Suction column shows the number of S.んrcifera.Letter ’×・ indicates
且oprecliction was conducted because of no incoming GSM data. Letter '- indicates no 
catch data was available. 





















別データを不IJ/FJした：佐賀（33.17°N, 130.33° E), 
熊本（32.95°N,130.78。E），鹿児島（31.52°., , 





·;K;iJ は650Wであった ． 評価J~J聞は2003年 6 月 l I二｜





















































































































































































































































































































































「I •凶南部司台湾， ~i:\t問 P U本などの地J戒に分布する
点アジア個体昨に属する．ウンカは，ベトナム北部














































ている ト ラップの 』1• で． 他と比較して捕位数が多 L
傾向がある トラップが存在する.j§ljえば，九州北部
では佐賀県姑野（3.17°N, 130.00・E）は，周辺の























る．フィールドでの附察には.Riley et al. 135:itj）の行
ったようなレーダによる観祭が適していると与ーえら
れる．しかし，点シナ海を越えるような長距離移動






































虫宮度の取f咋も必須で、ある．現手I:. 1· 1 q~1における病
害虫発生情報をリアルタイムで人子することは凶難
であるが，もし，この情報とそデルの改良とが結合





























































































The chapters I -VI are based on papers previously hold the copyright of the papers and gave me permis-
published in following journals. I thank societies who sion to reprint. The papersm・33' published in 
50 rl I央出来総合研究センター研究-'li侍第8可（2006.7) 
Agricultw叫 αndForest Entomology were translated 
出toJapanese and partly modified to be Cbaper I 
and IU. I thank the Royal En七omologicalSociety for 
the permission. A paper1訓 inPopulαtion Ecology was 
translated into Japanese and partly modified to be 
Chaper N. I thank the Society of Population Ecology. 
31.lll The papers published in Applied Entomologyαnd 
Zoology and Japanese Journal of Applied Entomology 
αnd Zoology were translated into Japanese and partly 
modified to be Chaper V and百.I thank the 
Japanese Society of Applied Entomology and Zoology 
for the permission. 
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Since long-distance migration of rice planthoppers immigrating into Japan in the Bαi-u rainy season had been 
analyzed by using 2-dimensional methods, Lhere were limitations of precision in both estimating migration 
sources and predicting migrations. In order to improve analytical precision，出isstudy has developed two kinds of 
3-climensional methods. One is a backward trajectory analysis method that estimates migration sources. The other 
is a migration simulation method that conducts a forward migration analysis. 
The backward trajectory analysis method consists of a numerical weather prediction model to simulate 3-
dimensional atmosphere, and a backward b:ajectory analysis model to calculate planthoppers’廿ajectori巴sback-
wa1・dly using simulated atmospheric data. A migration event observed at Chikugo in western Japan was analyzed, 
and a paddy fi巴ldarea along the coastal region of Fujian province in China was estimated to be a possible migra-
tion source. Moreover, various migi ation parameters such as takeoff time, migration course, flight height and so 
on could be estimated. 
The migration simulation method consists of the weather p1・百：lictionmodel and a migration simttlaiion model 
to calculate relative aerial density of migrating planthoppers. A field survey to catch white-backed planthoppers 
hourly was conducted at two sites in Kyushu in June 2003, and several migration events captured in the survey 
were analyzed with the simulation method. The results indicated that the coastal region ln Taiwan as well as in 
Fujian province we1・eestimated to be possible migi・ation sources, showing a good agi・eement with the result of the 
backward trajectory analysis. 
Furthermore, a number of trajectories were calculated to find major migration sources for 15-year catch data 
of white-backed planthoppers caught in Kyushu. The result showed that the major source reg:ion was estimated to 
be located in the coastal region of Fujian province and Taiwan. 
Aηew finding on migraもionbetween the populations in East Asia was presented as wel. It had been believed 
that there was no migration across山eborder between the populations. However, migrations of brown planthop-
P巴rsthat might have occuned on the border of the East Asian and South East Asian populations was suggested 
by the trajectory analysis. 
The migr叫10nsimulation model was also applied Lo migt叫ionprediction, and could predic七migr叫ionsover 
the next iwo days. An evaluation indicated that the hitting ratio of the prediction was as good as that of rainfall 
for巴castby Japan Meteorological Agency. 
As described so far, this study provided new advanced analytical methods and knowledge, and, therefore, 
gi・eatly contributed to science and pest m姐 agement.The new methods are expected to be applied to migrations 
of other migratory insects. 
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